In the class of emerging high power electromagnetic sources, a complete pulsed power source, named MOUNA (French acronym of "Module Oscillant Utilisant une Nouvelle Architecture") has been developed. This device must transmit waveforms with a wide frequency band and a high figure-of-merit. To improve the overall performance of the MOUNA system while maintaining its compact size, two approaches are being explored in the paper: the replacement of the dipole antenna by a helical antenna and its feeding signal influence. Helical antenna is cylindrical shape and relatively compact. It offers relatively good gain factor and directivity. The waveform delivered to the antenna is directly related to the amplitude of the radiated electric field. Therefore, different waveforms (step pulse, Gaussian pulse, bipolar pulse and damped sinusoid) are compared to point out the feed signal influence on the radiated electric field. Switch oscillators appear to be considered as interesting resonant sources for driving an antenna. The novel radiating source consists of a primary power source, a resonant transformer, a coaxial transmission line damped oscillator (also termed as coaxial resonator), and a helical antenna. This high voltage pulsed source is very compact (volume of only 2500 cc without the antenna). Our study aims at designing the antenna (number of turns, size…) and a coaxial damped oscillator directly implemented at the output of the transformer. A CST-based simulation is proposed to predict the performances of this wideband source.
Introduction
High power microwave (HPM) sources have been developed over the past few decades for many applications, including defense for disrupting electronically-controlled system, medical for cell manipulation, and biological for food and water purification [1] . Defense requirements are the most prevalent. Ultra-Wide Band (UWB) source, one of the HPM sources, can be used for target identification, buried objects detection, radar system and directed energy weapon system [2] - [7] . Intentional electromagnetic interference describes a wide range of technologies that are designed to disrupt the performance of electronic systems by introduction of spurious signals in different frequency ranges. These systems must also typically be high power, since it is generally desired to have as large an effect possible at as long distances possible [8] . Even if the radiated energy of a single pulse UWB system is low, these systems can disrupt, disable, or destroy electronic target because of the repetitive operation. In principle, for affecting any target with such radiation, the frequency has to be matched to the frequency absorption spectrum of the target [7] . However, the main advantage of pulsed wideband radiation, with pulse durations in the nanosecond range, is that it is very aggressive for systems with wiring [9] [10] .
There are a number of high power microwave efforts, and an equal number of antenna geometries being pursued. Example geometries generally include traditional TEM horns, traveling wave antenna [3] [4], the Impulse Radiating Antenna (IRA) [2] , dipoles and bicones [9] - [11] , among others [12] . However, most of these geometries are either large and not deployable, or radiate with undesirable radiation pattern. Furthermore, generating very large electric field strengths is difficult, since extremely high voltages are required. Insulating the high voltage increases the complexity of the overall source design, and typically results in larger volumes.
A previous work supported by the DGA aimed at developing an extremely compact source [11] . The electromagnetic pulse source named MOUNA is composed of a set of batteries, a DC/DC converter to charge four capacitors, four synchronized spark gap switches, a resonant transformer generating 600 kV/265 ns pulses, an oil peaking switch and a dipole antenna. This source is compact, with dimensions less than 1 m in length and 22 cm in diameter. These dimensions correspond to a 3800 cc volume. However, to radiate very high electric fields, the low gain of the dipole antenna is detrimental. The use of a directional antenna may improve performance really significantly focusing the radiation in a preferred direction. The main characteristics of the axial helical antenna (compactness, high gain on the axis, wideband spectrum and high impedance) make it an excellent candidate. Helical antennas are being studied for high power radiofrequency applications [12] . The helical geometry is very appealing for it is relatively small and conformal geometry, which makes it suitable for air platforms. Furthermore, the antenna is very directive, with typical beam widths of 20 -40 degrees, and offering relatively good values of gain, from 8 -15 dB.
Some sources already exist and use a Marx generator associated to a helical antenna [13] - [15] . Only one associates a 30 kV pulse transformer, a damped oscillator and a helical antenna [13] . Our structure uses also an ultra-compact high voltage resonant transformer which will allow an important volume gain versus other topologies (particularly Marx generators used more conventionally).
The waveform of the antenna pulse feeding is of importance for the overall source performance.
Step pulse, bipolar pulse, Gaussian pulse and damped sinusoid are studied in the paper. One of the typical moderate band source is the damped sinusoidal system which employs a self breaking switch and antenna at each end of high voltage transmission line. The waveform delivered to the antenna will be characterized by one or more damped sinusoids. The pulse width (or number of cycles to some fraction of the peak) depends on the antenna impedance and other parasitic effects (non ideal switch, etc.). When the switch operates, the system generates a damped sine signal into an antenna. The system radiates N cycles of the same oscillation frequency wave with amplitude damp down. Radiated energy of damped sinusoid system might be more than UWB source, because duration of the former is longer than the one of the latter.
Including the transformer, the first stages principle is conserved to build the pulsed power generator of the new helical radiating system (Figure 1) . The oil switch and the radial line of the previous version of the source are replaced by a multichannel annular gas switch [16] [17] associated to a coaxial quarter wave oscillator [18] - [20] . A resonant transformer is used to feed 500 kV high voltage pulse to the coaxial damped oscillator. This oscillator feeds a 140 Ω helical antenna.
Principle and/or realization of switched oscillators are described in many papers [18] - [20] where the line has a radial section and a coaxial section due to the use of only one switch. Our oscillator is only composed of a coaxial section switched by the multichannel annular gas switch. The design of the novel radiating source com- posed of the MOUNA pulsed power source, the switch oscillator and the helical antenna is also described and the predicted overall performances of the electrical characteristics are detailed.
Helical Antenna Design

Antenna Design
The principle of a helical antenna was described for the first time by J.D. Kraus [12] (Figure 2 ). In these works, Kraus establishes relations between the dimensions of the antenna for which the field is a maximum in the direction of helix axis and is circularly polarized: the axial mode of radiation. If the helix circumference is comparable to the wavelength, the antenna operates as a directional antenna radiating a beam off the ends of the helix, along the antenna's axis. It radiates circularly polarized waves.
If the wavelength (λ) is the free-space wavelength of the radiating field, these relations follow:
and the antenna input impedance R is given by:
The design of a simple helical antenna follows from these equations, in which the circumference of the helix is one wavelength so that diameter D equals λ/π; the length of the helix is given by N·λ/4, where N is the number of helix turns and λ/4 is the turn-to-turn spacing. The ground plane diameter (D) is approximately 3/4λ. The pitch angle which controls how far the helix antenna grows in the z-direction per turn is given by α where S is the vertical spacing between turns for the antenna.
The MOUNA source radiates around 200 MHz, if we do not change this frequency, the helical antenna diameter will be around 48 cm. So, the MOUNA diameter (22 cm) will be increased drastically and its compactness will be altered. To keep MOUNA dimensions, the helical antenna diameter must be around 22 cm, in free-space the wavelength of the radiating field must be around 69 cm and its frequency around 434 MHz. That is why the axial mode helical antenna is designed to operate at a frequency around 434 MHz. So, the antenna mechanical characteristics are summarized in the So, a new damped oscillator must be designed. The MOUNA radial output line will be replaced by a coaxial quarter wave oscillator sized to oscillate at 434 MHz.
Feed Signal Influence
In [18] Giri et al. describe the problem of designing switched oscillators and their integrations into a helical antenna. This paper is following this track. But a few realizations, described in [13] [14] , do not use a damped sinusoidal signal to feed the helical antenna. So, it was interesting to study the influence of the feed signal on the field intensity produced by the antenna. A CST Microwave Studio simulation of a 3 turn helical antenna model is computed.
For simulation, four different normalized voltages are applied on a 140 Ω adapted discrete port localized on the antenna input. The four signals are a step pulse (pink), a Gaussian pulse (green), a bipolar pulse (blue) and a 434 MHz damped sinusoid (red) (Figure 3) .
The simulation provides the following results (Figure 4) . These results clearly show a strong dependence of the shape of the radiated field with the shape of the supply signal. The antenna factor (i.e. rE/V) also varies greatly ( Table 2) . The highest antenna factor (0.82) is obtained when the antenna is fed by a 434 MHz damped sinusoid. Interesting results (0.6) are also noted in the case of a bipolar pulse.
Coaxial Damped Oscillator Design
Many papers [16] - [18] describe the principle and realization of a low impedance line damped oscillator to feed a high impedance antenna. In most cases, the quarter wave line is composed of a radial section followed by a coaxial section. Unlike other works where the transmission line oscillator consists of radial transmission line section and coaxial transmission line section, our oscillator design is simplified. The design of the coaxial section follows from simple coaxial transmission line theory.
According to a low impedance quarter wave transmission line oscillator, the transmission line is charged to a high voltage. A switch is located at one end of the transmission line and antenna is placed at the other end of the transmission line. By charging a transmission line to some high voltage and then shorting it by some fast-closing switch, a resonant waveform is applied to an antenna at the other end: a damped sinusoid oscillation is generated to the antenna. Indeed, when the oscillator is switched, the circuit is equivalent to a damped oscillator (high impedance of the transformer at its input and low impedance of the switch at its output) from which its energy is radiated by the helical antenna. Due to the presence of two quite different sections, the design and the realization of this line oscillator is very accurate [15] . Design must be simplified if we can propose only a coaxial line oscillator with polyamide 6 dielectric (PA6). The volume of the oscillator is filled with this polymer. This choice allows the feeding of the line through the switch side. The need for a fast switch is clear. A real switch will have some inductance and resistance which will modify the resonance somewhat. The switch will need to be physically small compared to the transmission line length. To keep only one switch, this solution requires using a multichannel annular gas switch which will reduce the switch inductance. Its time of breakdown will be drastically reduced in high pressurized nitrogen atmosphere [21] .
To keep the transformer performances (maximum output voltage: 600 kV, rise time: 265 ns, Figure 5 ), the capacitance of the coaxial line oscillator must remain close to 80 pF due to the resonance conditions of the transformer. This measurement (Figure 8 ) was provided by a Half-Megavolt capacitive probe developed in common by Université de Pau, Loughborough University (UK) and the North star company [22] . Its features are: attenuation, 1/10.000; input capacitance, 12.4 pF; maximum voltage, 620 kV; bandwidth, 8 Hz -55 MHz; accuracy, <4% in a volume of only 1500 cc. Insulation rules impose 18 cm for the outer diameter (D out ) maximum value. Indeed the geometry of the switch oscillator system must satisfy the static requirements for the self-breakdown switch operation in addition to the geometric constraint that define the resonance parameters of the system. Therefore, to oscillate at 434 MHz, the main characteristics of the line oscillator are summarized in the Table 3 .
The length of the transmission line should be 9.11 cm because of the center frequency. The designed characteristic impedance and average switching voltage of the coaxial damped oscillator is 7.3 Ω and 500 kV respectively. The output of the high voltage transformer is fed to the transmission line coaxial damped oscillator which is designed to oscillate at center frequency of 434 MHz.
Coaxial Oscillator LTspice and CST Simulations
Prior to detailed design and manufacturing of the coaxial damped oscillator, the electrical parameters and performances of transmission line oscillator were simulated using electronic and electromagnetic simulation tools. The programs for the simulation activity are LTspice, and CST Microwave studio. The LTspice tool is used to simulate the oscillation frequency, and we assumed the uniform 7.3 Ω coaxial transmission line section is connected with the 140 Ω antenna.
Using predicted values above, an LTspice-based study of the line damped oscillator is realized (Figure 6 ).
(Rantenna is the impedance of the helical antenna considered as a constant for the electric simulation) On Figure 7 , the simulation results of the damped oscillator voltage are presented assuming that the breakdown time of the annular switch is about 500 ps. The simulation confirms calculations.
For the same conditions and dimensions, a CST Microwave Studio simulation of the damped oscillator is computed. For simulation, a 1 V normalized voltage is applied on an adapted discrete port localized on the multichannel gas annular gas switch (Figure 8) .
The simulation provides the following results (Figure 9) . The results are similar in the LTspice and CST simulations. In the results of the two types of simulation (Figure 7 and Figure 9 ), the frequency is close to the expected 434 MHz.
Novel Multi Primary Winding Resonant High-Voltage Pulsed Transformer
As explained in Section 2, to keep the dimensions of the MOUNA source, the number of turns of the helical antenna is 3. The voltage signal present on Figure 9 is applied to a 3 turn helical antenna simulated on CST. For simulation, this 1 V normalized voltage is applied on a 140 Ω adapted wave port localized on the antenna input.
Electric field distribution in far field of the system is simulated with CST Microwave Studio software. The electric fields of both vertical and horizontal directions are about 1 V/m at 1 m when 1 V power is applied to the system, the simulated electric fields distribution is shown in Figure 10 . As observed the radiated electric field pulse is a damped sinusoid. The polarization is not perfectly circular, we suppose due to the low number of turns. In these conditions, the antenna factor is about 0.95.
The simulated beam pattern is provided in Figure 11 . The center frequency spectrum of the radiated wave is [11] . The proposed changes lead to a slight increase of the bandwidth of the frequency spectrum, and this spectrum is pushed towards high frequencies. This is particularly important in terms of electric susceptibility for HPM systems.
One of the next steps in antenna study is the critical transition between the oscillator and the antenna. This transition (light grey in Figure 12 ) is the seat of the higher voltage and higher electric field. This point will require a specific study and a specific insulation. To improve radiation performances, Kraus [12] provides a very good example of a cupped helical antenna and this method could be applied in our case.
Conclusions
A wideband electromagnetic source, named MOUNA and based on a novel high-voltage resonant pulsed transformer, was successfully designed and manufactured. The sub-assembly formed by the novel resonant highvoltage pulsed transformer has been operated up to 600 kV with a rise time of 265 ns. However, to radiate very high electric fields, the low gain of the dipole antenna is detrimental. The use of a directional antenna may improve performances really significantly focusing the radiation in a preferred direction. In order to improve the overall electrical performances, two approaches were explored in the paper: the replacement of the dipole antenna by a helical antenna and its feeding signal influence. The theoretical simulation comparison between various feeding signals applied to a helical antenna points out a strong dependence of the shape of the radiated field with the shape of the feeding signal. The highest antenna factor is obtained with a damped sinusoid. Moreover the impulse feeding directly integrated in the antenna design improves both the overall dimensions and electromagnetic characteristics [23] . The concept of a switched oscillator as a highly capacitive quarter-wave transmission line terminated by an antenna load of high input impedance on one end and a self-breaking switch on the other end is proposed. After the switch closes, the stored energy is discharged into the high impedance load with a waveform that resembles a damped sinusoid. The predicted results concerning the design of the helical antenna, of a switch oscillator directly implemented at the output of the transformer have been presented. Simulation of the whole system is a useful way to predict electrical characteristics in the initial stage of manufacturing processes. This CST-based field simulation confirms the best expected performances. The antenna factor is 0.95 which allows a complete source with a very high figure of merit. In the present study the impedance of the closed switch has been assumed negligible. It is difficult to predict the rise time of the annular switch. However, it will have some inductance, lowering the resonant frequency, and some resistance, increasing the damping of the resonance. These effects need to be minimized. More accurate models can be developed to more precisely compute the performance. Probably the unknown losses in the circuit and particularly the performances of the switch will alter the calculated figure-of-merit.
The pulsed source with its new damped oscillator contains a volume of only 2500 cc. To achieve such compactness, all these parts are integrated within the antenna and immersed in oil. To keep such compactness, the helical antenna could be deployed in operational situation. The source performances could be increased by working on the reflector geometry or on the number of turns. Particularly a cupped ground plane could be implemented to improve the electrical performances.
